In the crystal structure of the reduced form of the wild-type human peroxiredoxin 5, the presence of a benzoate ion in direct interaction with the peroxidatic cysteine (Cys 47) appeared as a rather intriguing feature since it is known that the benzoate ion can play the role of a specific hydroxyl radical scavenger. The crystal structure of the C47S mutant of the same enzyme has been crystallized in the tetragonal system, space group P4 1 2 1 2, with a = 65.65Å, c = 122.04Å. It confirms the presence of this benzoate ion in spite of the mutation into a serine of the Cys 47 residue to which the benzoate ion was directly linked in the wild-type structure. The benzoate ion seems to be stabilized by hydrophobic contacts on both sides of the aromatic ring. In this matter, the α5 helix, which is specific to peroxiredoxin 5 among mammalian peroxiredoxins, plays an important role. These hydrophobic contacts also allow to suggest why the benzoate ion disappears when the molecule is oxidized.
Introduction
The peroxiredoxins (PRDXs) define a large family of peroxidases able to reduce hydrogen peroxide and alkyl hydroperoxides from prokaryotes to eukaryotes. 1−3 Functionally, PRDXs have been implicated in antioxidant protection and regulation of redox-dependent signaling in cells. Structurally, all PRDXs contain a conserved peroxidatic Cys residue in the N-terminal portion of the protein, that attacks the peroxide and is ox- idized to Cys sulfenic acid. PRDXs are classified into three subgroups depending on the number of Cys residues directly involved in catalysis and on the resolution mechanism of the Cys sulfenic acid. PRDX1-PRDX4 represent the typical 2-Cys mammalian subgroup and are obligate homodimers. In this subgroup, the N-terminal Cys residue (Cys51 in human PRDX2) oxidized to sulfenic acid is attacked by the resolving Cys (Cys172 in human PRDX2) located in the Cterminus of the other subunit resulting in the formation of an intermolecular disulfide bond. PRDX5 is the only identified mammalian member of the atypical 2-Cys subgroup. In atypical 2-Cys PRDXs, the C-terminal resolving Cys is contained in the same protein and the reaction with the peroxidatic Cys results in the formation of an intramolecular disulfide bond. Finally, PRDX6 is classified in the mammalian 1-Cys subgroup in which the N-terminal peroxidatic Cys (Cys47) is conserved and the resolving C-terminal Cys is missing.
Crystal structures are known for members of the typical 2-Cys subgroup (PRDX1, 4 PRDX2 2,5,6 ). PRDX6 represents the mammalian 1-Cys subgroup for which a crystal structure is also available. 7 In typical 2-Cys and 1-Cys subgroups, the crystal structures are characterized by the formation of tightly associated dimers resulting from the association of the β sheets of two monomers to form a 10-or 14-stranded β-sheet. PRDX5, the mammalian atypical 2-Cys PRDX, was characterized 8,9 and the structure of its reduced state was recently solved by our group in two different crystal forms. 10, 11 Another crystal form simultaneously containing the reduced state and an unexpected dimeric oxidized state was also described. 12 All the reduced molecules show that the sulfur atoms of Cys47 and Cys151 are positioned too far apart (13.8Å) to interact in the expected intramolecular way without large conformational changes. The dimer present in all other known PRDXs structures and resulting from the association of β sheets is not observed in PRDX5. Also, the crystal structure of the reduced form of PRDX5 allowed to discover the presence of a benzoate ion, a specific scavenger of hydroxyl radical, 13 covering the active site pocket and interacting with the sulfur atom of the conserved peroxidatic cysteine residue (Cys47).
Since the mutation of the peroxidatic Cys47 into a Ser residue (C47S) in human PRDX5 inhibits its peroxidase activity 9 and its antioxidant protection in vitro and in vivo, 14 and since benzoate ion known as a scavenger of hydroxyl radical was directly linked to Cys 47 residue in the wildtype structure, additional structural investigations were necessary to determine whether a loss of antioxidant activity of human PRDX5 C47S mutant could only be due to the replacement of the catalytic Cys by a Ser or also to conformational changes leading to the release of the benzoate ion.
Here we present the crystal structure analysis of human PRDX5 C47S mutant. The crystal structure refined at 1.7Å shows the presence of the benzoate ion in spite of the mutation of Cys47 into a Ser. The benzoate ion appears to be stabilized by hydrophobic contacts on both sides of the aromatic ring.
Experimental section
The expression and purification of wild-type human PRDX5 and mutant C47S were previously described. 10, 14 The crystals of the 6xHis-tagged molecule were grown in reducing conditions by hanging or sitting drop vapour diffusion at 18
• C with the well solution (500 µL) consisting of 1.6 M ammonium sulfate and 0.2 M potassium sodium tartrate as precipitant, 0.1 M sodium citrate buffer pH 5.3, 10 −3 M 1,4-dithio-dl-threitol as antioxidant and 0.02% (w/v) sodium azide. The crystallization drop was formed by mixing equal amounts (2-10 µL) of the protein solution (10 mg mL −1 ) and of the well solution.
Before data collection, the crystal was cryosoaked for a few seconds in paratone and flash cooled at 100 K. Data were collected at 1.7Å resolution on the synchrotron BW7A beam line at EMBL c/o DESY using a MAR-ccd detector. The images were processed with the program DENZO 15 and merged with the program SCALEPACK. 15 The crystals are tetragonal, space group P4 1 2 1 2, with a = 65.65Å, c = 122.04Å, and one protein molecule in the asymmetric unit. Five percent of the reflections were flagged for use in R free calculations. 16 Some statistics of data collection and processing are presented in Table 1 .
Since the space group and the cell dimensions of the C47S mutant of PRDX5 allowed to suppose a probable isomorphism with the tetragonal structure of the wild-type enzyme 10 (pdb entry 1hd2), these coordinates were used for starting the refinement after applying the appropriate mutation. A rigid body refinement using REFMAC5 17 belonging to the CCP4 suite 18 yielded values of 0.343 and 0.348 for R and R free , respectively. Some minor adjustments were performed with O 19 and were followed by cycles of refinement with REFMAC5. The N-terminal His tag and the short linker were
